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Association of Early Imaging for Back Pain
With Clinical Outcomes in Older Adults
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Sean D. Rundell, DPT, PhD; Judith A. Turner, PhD; Andrew L. Avins, MD, MPH; Zoya Bauer, MD, PhD;
BrianW. Bresnahan, PhD; Janna L. Friedly, MD; Kathryn James, PA-C, MPH; Larry Kessler, ScD;
Srdjan S. Nedeljkovic, MD; David R. Nerenz, PhD; Xu Shi, BS; Sean D. Sullivan, PhD; Leighton Chan, MD, MPH;
JasonM. Schwalb, MD; Richard A. Deyo, MD, MPH
IMPORTANCE In contrast to the recommendations for younger adults, many guidelines allow
for older adults with back pain to undergo imaging without waiting 4 to 6 weeks. However,
early imagingmay precipitate interventions that do not improve outcomes.
OBJECTIVE To compare function and pain at the 12-month follow-up visit among older adults
who received early imaging with those who did not receive early imaging after a new primary
care visit for back pain without radiculopathy.
DESIGN, SETTING, AND PARTICIPANTS Prospective cohort of 5239 patients 65 years or older
with a new primary care visit for back pain (2011-2013) in 3 US health care systems. We
matched controls 1:1 using propensity score matching of demographic and clinical
characteristics, including diagnosis, pain severity, pain duration, functional status, and prior
resource use.
EXPOSURES Diagnostic imaging (plain films, computed tomography [CT], magnetic
resonance imaging [MRI]) of the lumbar or thoracic spine within 6 weeks of the index visit.
MAIN OUTCOME ANDMEASURES Primary outcome: back or leg pain–related disability
measured by themodified Roland-Morris Disability Questionnaire (score range, 0-24; higher
scores indicate greater disability) 12 months after enrollment.
RESULTS Among the 5239 patients, 1174 had early radiographs and 349 had early MRI/CT.
At 12 months, neither the early radiograph group nor the early MRI/CT group differed
significantly from controls on the disability questionnaire. Themean score for patients who
underwent early radiography was 8.54 vs 8.74 among the control group (difference, −0.10
[95% CI, −0.71 to 0.50]; mixedmodel, P = .36). Themean score for the early MRI/CT group
was 9.81 vs 10.50 for the control group (difference,−0.51 [−1.62 to 0.60]; mixedmodel,
P = .18).
CONCLUSIONS AND RELEVANCE Among older adults with a new primary care visit for back
pain, early imaging was not associated with better 1-year outcomes. The value of early
diagnostic imaging in older adults for back pain without radiculopathy is uncertain.
JAMA. 2015;313(11):1143-1153. doi:10.1001/jama.2015.1871
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W hen to image older adults with back pain remainscontroversial. Most guidelines regarding acute orchronic back pain focus on younger age groups.
Many guidelines recommend that older adults undergo early
imaging because of the higher prevalence of serious underly-
ingconditions.1-4However, there isnot strongevidence to sup-
port this recommendation.5 A Cochrane review of back pain
in older adults concluded that there was “under-representa-
tion of the older population in the back pain literature.”6 Ad-
verse consequences of early imaging are more substantial in
anolderpopulationbecause theprevalenceof incidental find-
ings on spine imaging increases with age.7-11 Given the high
prevalence of incidental findings in this age group, imaging
older adults soon after initial presentation may lead to a cas-
cade of subsequent interventions that increase costs without
benefits. This phenomenon has been observed in workers’
compensation populations.12,13
We used data from a prospective cohort of patients aged
65 years or older who presented to primary or urgent care for
anewepisodeof care for lowbackpain, definedasnoprior vis-
its for low back pain within the previous 6months, as part of
the Back Pain Outcomes Using Longitudinal Data (BOLD)
project.14We hypothesized that older adults who had lumbar
spine imaging within 6 weeks of their index visit (early
imaging), comparedwith thosewhodidnot,wouldhaveworse
outcomes and greater health care use 1 year later.
Methods
Design Overview
Weusedaprospectiveobservational cohort to compare, using
propensity score matching of demographic and clinical char-
acteristics, outcomes of patients who received vs those who
did not receive early imaging.
Setting and Participants
Wepreviouslydescribed theBOLDcohort.14,15 Inbrief,wepro-
spectively enrolled 5239 patients 65 years or older initiating a
new episode of care for back pain (Figure). We recruited pa-
tientspresenting toprimaryorurgentcareat3 integratedhealth
caresystems:HarvardVanguard,HenryFordHealthSystem,and
Kaiser PermanenteNorthernCalifornia. The visit for backpain
that qualified the patient for entry into the cohort was the in-
dexvisit.Weenrolledpatients fromMarch2011 throughMarch
2013 and categorized them by International Classification of
Diseases,NinthRevision,ClinicalModification (ICD-9-CM) codes
asaxialbackpainalone,backandlegpainorherniateddisk, lum-
bar spinal stenosis, and other (eTable 1 in the Supplement).
Patient-ReportedMeasures
At baseline, interviewers administered the patient-reported
measures in person or by telephone within 3 weeks of a
Figure. FlowDiagram of Patients in the Back Pain Outcomes Using Longitudinal Data Study
4853 Underwent propensity score matching
5239 Patients ≥65 y with back pain
assessed for eligibility 
1977 Not in matched set
1870 No early image
107 Had early image
386 Excluded
228 Withdrew before 1 year
84 EHR data not available 
34 Died before 1 year
5 Lumbar spine surgery in year
prior to index visit
1 Bone scan within 6 weeks
4 Cardiac event
4 Pulmonary event
4 Cancer a
4 Sepsis
3 Stroke
15 Other
34 Cancer visit in year before
index visit
1353 Matched controls
1004 Who served as matched controls
for those with early radiographs
179 Who served as matched controls
for those who had early MRI/CT
170 Who served as matched controls
for both participants who had
early radiographs and participants
who had early MRI/CT analysesb
1174 Had early (<6 wk)
radiograph
349 Had early MRI/CT
EHR indicates electronic health
record; MRI, magnetic resonance
imaging; CT, computed tomography.
a Of the 4 patients who died with
cancer: 1 had early imaging likely
prompted by a red flag since the
history on the imaging study
indicated known cancer; 1 had early
imaging (both plain films and
computed tomography) that
showed no evidence of cancer;
2 had no imaging at any time.
bParticipants who had neither early
radiographs nor early MRI/CT and
werematched controls for
comparisons.
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patient’s indexvisit.Wecollected informationondemograph-
ics; duration of current episode of back or leg pain (<1month,
1-3months, 3-6months, 6-12months, 1-5 years, >5 years); and
recovery expectations (confidence that their pain would be
completely gone or much better in 3 months, on a scale from
0 “not at all confident” to 10 “extremely confident”).
Our primary outcome was the Roland-Morris Disability
Questionnaire (RMDQ),16 a measure of physical limitations
due to back pain (range, 0, no pain-related limitations, to
24, maximal pain-related limitations). We slightly modified
this measure to indicate limitations due to back or leg pain
(sciatica), which is a widely used modification.16-18 The
questionnaire contains 24 yes or no items. A minimal clini-
cally important difference is 2 to 5 points.17,19 We adminis-
tered the following 6 secondary outcome measures at base-
line and at 3, 6, and 12 months (primary end point): (1) a 0 to
10 numerical rating scale of average back pain intensity in
the past week (0, no pain; 10, pain as bad as can be imag-
Table 1. BaselineMeasures of PatientsWhoUnderwent Radiographic Imaging vs Propensity-Matched Patientsa
Variable
No. (%) of Patients
P Valuec
Raw Difference Between Means
(95% CI)d
Standardized
Difference, %
Matched Control
(n = 1174)
Early Imaging
(n = 1174)b
Age, mean, (SD), y 74.3 (7.0) 74.3 (6.9) .73 0.094 (−0.45 to 0.63) 1.35
Women 756 (64) 769 (66) .57 2.32
Study site
Henry Ford 234 (20) 234 (20)
.99
0
Kaiser 809 (69) 809 (69) 0
Harvard Vanguard 131 (11) 131 (11) 0
Race
Black 178 (15) 162 (14)
.77
−3.87
Asian 56 (4.86) 51 (4.4) −2.04
White 853 (73) 869 (75) −4.73
Mixed race 77 (6.6) 78 (6.7) 0.34
Hispanic ethnicity 65 (5.6) 72 (6.2) .38 2.59
Education
<High school 72 (6.2) 80 (6.8)
.92
2.77
≥High school 648 (55) 647 (55) −0.17
College graduate 249 (21) 245 (21) −0.84
Graduate degree 202 (17) 199 (17) −0.68
Living with spouse or partner 686 (59) 689 (59) .80 0.83
Smoking status
Never smoked 628 (57) 645 (55)
.73
2.91
Quit >1 y ago 472 (40) 453 (39) −3.31
Current 74 (6.3) 72 (6.2) −0.71
Quan comorbidity score
0 215 (18) 209 (18)
.82
−1.33
1 386 (33) 400 (34) 2.53
>1 573 (49) 565 (48) −1.36
Diagnosis
Nonspecific back pain only 803 (68) 803 (68) 0
Back and leg pain 274 (23) 276 (24) .99 0.40
Lumbar stenosis 26 (2.2) 27 (2.3) 0.57
Other 71 (6.1) 68 (5.8) −1.08
Pain duration
<1 mo 417 (36) 430 (37)
.93
2.31
1-3 mo 290 (25) 274 (23) −3.19
3-6 mo 98 (8.4) 95 (8.1) −0.93
6-12 mo 71 (6.1) 81 (6.9) 3.46
1-5 y 139 (12) 139 (12) 0
>5 y 157 (13) 155 (13) −0.50
Confidence pain will improve in 3 mo
0 216 (18) 201 (17)
.87
−3.34
1-4 177 (15) 181 (15) 0.95
5 197 (17) 187 (16) −2.30
6-9 361 (31) 369 (32) 1.47
10 221 (19) 233 (20) 2.59
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ined); (2) a 0 to 10 numerical rating scale of average leg pain
intensity in the past week; (3) the Brief Pain Inventory (BPI)
interference scale, which represents the mean of 7 ratings of
back pain interference with general activity; mood; and abil-
ity to walk, perform normal work, engage in relations with
other people, sleep, and enjoy life (0, no pain interference;
10, maximum pain interference)20,21; (4) the Patient Health
Questionnaire (PHQ-4), a 4-item screen for depression and
anxiety (score range, 0-10; 0, no pain interference; 10, maxi-
mum pain interference) 22; (5) the EuroQol health status
measure (EuroQol 5D) consists of an index score that ranges
from 0 (death) to 1 (perfect health) and reflects mobility,
self-care, usual activities, pain and discomfort, and anxiety
and depression and consists of a visual analog scale that
ranges from 0 (the worst imaginable health state) to 100 (the
best imaginable health state)23; and (6) a falls measure for
which patients report the number of falls they experienced
in the past 3 weeks and how many resulted in injury.24
Electronic Health Record Data
Weused electronic health record (EHR) data to calculate rela-
tive value units (RVUs),25-27 assess resource use, and estimate
Quancomorbidity scores,28 aweighted scorederived fromthe
Charlson comorbidity index29 based on 12 comorbidities. The
QuanscoreandprioryearRVUswereused inpropensitymatch-
ing.Weobtainedpatient data 365days before and after the in-
dex visit or until a patient either withdrew or died. The data
included Current Procedural Terminology (CPT) codes for
each procedure and filled prescription data. One site used
ICD-9-CM procedure codes rather thanCPT codes, sowe con-
verted ICD-9-CM procedure codes to the closest correspond-
ingCPT codes.WecapturedCPTand ICD-9-CM codes for clinic
visits, hospitalizations, and imaging tests. We did not ac-
count for medications. We linked CPT codes to year-specific
RVUs, without including geographic modifiers. For applying
costs to resource use, we used the Marketscan data ware-
housetoobtain2012payerandpatient reimbursementamounts
forCPT-basedprocedures andmedications.30Remainingout-
comes were post hoc and exploratory.
Usingdata fromthe12monthsbefore the indexvisit,wecal-
culated theQuancomorbidity score.28Toavoidaltering theas-
sociationbetweenearly imagingandRVUs,wesummedallRVUs
beginning with the day after the image (or the analogous day
for thematchedcontrols) until 365daysafter the indexvisit for
each individual. We performed similar summations for back
pain–related RVUs (spine-related RVUs31; see eTable 1 in the
Supplement for codesused), summarized asRVUs for physical
therapy, injection therapy, imaging, and surgery.
If CPT codes were ambiguously spine-related, we only
counted procedures as spine-related if they took place on the
same date as unambiguous spine-relatedCPT codes.We clas-
sified all procedures on the index date as spine-related. Addi-
tionally,because1siteusedgenericcodesrather thanCPTcodes
for all physical therapy encounters, we imputed RVUs at this
siteusingyear-appropriateRVUs forphysical therapy fromthe
other 2 sites. We included all procedures. For minor proce-
dures,we imputedayear-appropriate5-minuteevaluationand
management RVU (CPT code 99211).
Table 1. BaselineMeasures of PatientsWhoUnderwent Radiographic Imaging vs Propensity-Matched Patientsa (continued)
Variable
No. (%) of Patients
P Valuec
Raw Difference Between Means
(95% CI)d
Standardized
Difference, %
Matched Control
(n = 1174)
Early Imaging
(n = 1174)b
Prior imaginge 61 (5.2) 57 (4.9) .69 −1.56
No. of days between index visit
and interview, mean (SD)
15.4 (5.0) 15.4 (5.2) .84 −0.038 (−0.41 to 0.34) −0.75
RMDQ score, mean (SD) 10.3 (6.3) 10.5 (6.0) .49 0.16 (−0.30 to 0.62) 2.60
BPI interference, mean (SD) 3.56 (2.5) 3.66 (2.4) .27 0.11 (−0.082 to 0.29) 4.28
EuroQol 5D, mean (SD)
Index 0.73 (0.18) 0.74 (0.17) .84 0.0014 (−0.012 to 0.015) 0.64
VAS 73.7 (19) 72.7 (18) .16 −1.07 (−2.54 to 0.41) −5.47
PHQ-4 score
Mean 1.72 1.73 .93 0.0086 (−0.19 to 0.21) 0.37
Median (range) 1.00 (0-12) 0 (0-12)
NRS, mean (SD)
Back pain 5.32 (2.7) 5.42 (2.7) .38 0.090 (−0.11 to 0.29) 3.34
Leg pain 3.64 (3.3) 3.66 (3.3) .85 −0.025 (−0.23 to 0.28) 0.74
≥1 Fall past 3 wk 85 (7.2) 109 (9.3) .07 7.45
Abbreviations: BPI, Brief Pain Inventory interference; EuroQol, health status
measure; NRS, numerical rating scale; PHQ-4, 4-item Patient Health
Questionnaire; RMDQ, Roland toMorris Disability Questionnaire; RVU, relative
value unit; VAS, visual analog scale.
a Stratified first on site, and then performed logistic regression for propensity
scores. Included in model are sex, race/ethnicity, age, educational
achievement, smoking status, living with partner, Quan comorbidity score,
baseline diagnosis, back pain duration, whether patient had imaging at that
health care site in the year prior to index visit, baseline back pain intensity,
baseline leg pain intensity, days between consent and interview, overall
relative value units (RVUs) at the health care site in prior year, recovery
expectations, and baseline RMDQ, EuroQol-5D index, PHQ-4 scores. For
unmatched results of baseline measures, see eTable 5 in the Supplement. See
theMethods section for definitions of pain and quality-of-life measures.
b The radiograph group could have received subsequent MRI/CT in days 0 to 42
(n = 138). Controls could not have received a radiograph in days 0 to 42.
c TheMcNemar or paired t tests were used to obtain P values.
dRaw difference betweenmeans were calculated only for continuous variables.
e Defined as spine imaging at the health care site in 365 days before the index
visit.
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Weusednatural languageprocessing tohelp identify early
imaging studies that reported cancer (see eText in the Supple-
ment). We also examined the proportion of patients in each
group diagnosed after the imaging date (or matched date for
controls) with a serious condition that could be detected by
spine imaging (cancer, spine infections, spine fractures, cauda
equina compression). If patients in the early imaging group
were more likely to be diagnosed with these conditions, it
would raise the question of whether clinicians were missing
thesediagnoses inpatientswhodidnot receive early imaging.
Early Imaging Group
Based on existing guidelines,32 we defined patients who un-
derwent lumbar spine imaging within 6 weeks of their index
visit ashaving receivedearly imaging.Althoughguidelinesdif-
fer in the exact length of time recommended to wait prior to
Table 2. BaselineMeasures of PatientsWhoUnderwentMagnetic Resonance Imaging or Computed Tomography Early
vs Propensity-Matched Patientsa
Variable
No. (%) of Patients
P Valuec
Raw Difference Between Means
(95% CI)d
Standardized
Difference, %
Matched Control
(n = 349)
Early Imaging
(n = 349)b
Age, mean, (SD), y 73.2 (6.6) 72.8 (6.0) .37 −0.42
(−1.34 to 0.49)
−6.63
Women 228 (65) 229 (66) .94 0.60
Study site
Henry Ford 70 (20) 70 (20)
.99
0
Kaiser 215 (62) 215 (62) 0
Harvard Vanguard 64 (18) 64 (18) 0
Race
Black 65 (19) 62 (18)
.91
−2.23
Asian 10 (2.9) 11 (3.2) 1.68
White 252 (73) 254 (73) 1.28
Mixed race 17 (4.9) 21 (6.0) 5.05
Hispanic ethnicity 20 (5.8) 17 (4.9) .59 −3.84
Education
<High school 29 (8.3) 26 (7.5)
.95
−3.19
≥High school 181 (52) 183 (53) 1.15
College graduate 85 (24) 81 (23) −2.69
Graduate degree 54 (15) 57 (16) 2.35
Living with spouse or partner 214 (61) 215 (62) .80 1.32
Smoking status
Never smoked 182 (52) 192 (55)
.52
5.75
Quit >1 y ago 138 (40) 134 (39) −2.35
Current 28 (8.1) 21 (6.1) −7.86
Quan comorbidity score
0 58 (17) 44 (13)
.23
−11.37
1 114 (33) 130 (37) 9.63
>1 177 (51) 175 (50) −1.15
Diagnosis
Nonspecific back pain only 176 (50) 174 (50) −1.15
Back and leg pain 136 (39) 137 (39) .91 0.59
Lumbar stenosis 29 (8.3) 27 (7.7) −2.11
Other 8 (2.3) 11 (3.2) 5.28
Pain duration
<1 mo 85 (24) 90 (26)
.93
3.31
1-3 mo 80 (23) 84 (24) 2.70
3-6 mo 30 (8.6) 29 (8.3) −1.03
6-12 mo 28 (8.0) 31 (8.9) 3.09
1-5 y 60 (17) 50 (14) −7.87
>5 y 66 (19) 64 (18) −1.47
Confidence pain will improve in 3 mo
0 67 (19) 54 (16)
.62
−9.85
1-4 65 (19) 60 (17) −3.74
5 73 (21) 73 (21) 0
6-9 85 (24) 92 (27) 4.61
10 58 (17) 68 (20) 7.46
(continued)
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imaging, 6weeks is usedby a variety of organizations33-35 and
was the consensus optimal approach in 1 study.36We defined
2 separate early imaging cohorts: (1) patientsundergoing early
plain film imaging (radiographs) and (2) patients undergoing
early advanced imaging (magnetic resonance imaging [MRI]
or computed tomography [CT]) (see eTable 2 in the Supple-
ment). We assigned patients who had multiple imaging pro-
cedures within the first 6 weeks to the radiograph or ad-
vanced imaginggroupbasedon their first study. Somepatients
assigned to the early radiograph group could also have re-
ceivedearlyMRI/CT,butonly if the imagingoccurredafter their
radiograph. Patients who had radiographs and anMRI/CT on
the same day were assigned to the advanced imaging group.
Nonearly or No Imaging Controls
Wepropensity-matchedpatientswhounderwentearly imaging
withaBOLDcohortpatientwhodidnothaveanyspine imaging
within 6 weeks of the index visit. We constructed a propen-
sity score as the logit function of the probability of receiving
early imaging for apatientwith specific characteristicsorprog-
nostic factors.37
Because thepatient sample characteristics differed across
study sites,15 we stratified the propensity score matching al-
gorithmbysite.All regressions includedsex; self-assessedrace/
ethnicity; age; educational, smoking, andmarital status;Quan
comorbidity score;baselinediagnosis category (axial backpain
alone, back and leg pain or herniated disk, lumbar spinal ste-
nosis, andother); backpainduration; receipt of spine imaging
in the year prior to index visit; days between index visit and
interview; total RVUs in prior year; baseline back pain inten-
sity; leg pain intensity; Roland-Morris Disability Question-
naire, EuroQol 5D, and PHQ-4 scores; and recovery expecta-
tions. We separately matched patients receiving early
radiographs or early MRI/CT to the closest control using a
greedy algorithm, which finds the closest match of nonim-
aged to imaged patients without replacement until no fur-
ther matches can be identified.38 Nonimaged patients could
serve as controls in both the early radiograph and the early
MRI/CTanalyses.Aftermatchingateachsite,wecombineddata
from all 3 sites for further analysis.
Thestudywasapprovedby the institutional reviewboards
(IRBs) of all the participating institutions. We obtained writ-
ten or verbal consent from all patients with a waiver of docu-
mentation of consent having been granted by the IRBs.
Statistical Analysis
We report summary descriptive statistics for the early radio-
graph and early MRI/CT groups. We used the McNemar tests
for categorical variables andpaired t tests for continuousvari-
ables to compare at baseline patients who received early
imaging with matched patients who did not receive early
imaging. We also calculated standardized differences be-
tween the matched groups for all variables. Finally, we used
linearmixed-effectsmodels toobtain adjusteddifferencesbe-
tween thosewhoreceivedearly imagingand thosewhodidnot
on total RVUs, spine-specific RVUs (further subdivided into
those forphysical therapy, injection therapy, imaging, andsur-
gery), patient-reported outcome measures at 3, 6, and 12
months, and reimbursement estimates. Each model was
adjusted for sex, age, baseline back or leg pain diagnosis
Table 2. BaselineMeasures of PatientsWhoUnderwentMagnetic Resonance Imaging or Computed Tomography Early
vs Propensity-Matched Patientsa (continued)
Variable
No. (%) of Patients
P Valuec
Raw Difference Between Means
(95% CI)d
Standardized
Difference, %
Matched Control
(n = 349)
Early Imaging
(n = 349)b
Prior imaginge 48 (14) 49 (14) .92 0.83
No. of days between index visit
and interview, mean (SD)
14.4 (5.4) 14.8 (5.3) .29 0.39 (−0.33 to 1.12) 7.35
RMDQ score, mean (SD) 12.5 (6.3) 12.4 (5.8) .76 −0.12 (−0.86 to 0.63) −1.94
BPI interference, mean (SD) 4.34 (2.5) 4.47 (2.4) .43 0.13 (−0.19 to 0.45) 5.28
EuroQol 5D, mean (SD)
Index 0.67 (0.20) 0.69 (0.18) .14 0.019 (−0.0062 to 0.045) 10.24
VAS 69.1 (20) 70.5 (18) .38 1.29 (−1.59 to 4.18) 7.22
PHQ-4
Mean 2.14 2.12 .91 −0.023 (−0.44 to 0.39) −0.81
Median (range) 1.0 (0-12) 1.0 (0-12)
NRS, mean (SD)
Back pain 5.94 (2.7) 5.89 (2.7) .80 −0.049 (−0.43 to 0.33) −1.79
Leg pain 5.13 (3.3) 5.00 (3.2) .53 −0.13 (−0.55 to 0.28) −4.03
≥1 Fall past 3 wk 32 (9.2) 30 (8.6) .80 −1.92
Abbreviations: BPI, Brief Pain Inventory interference; EuroQol, health status
measure; NRS, numerical rating scale; PHQ-4, 4-item Patient Health
Questionnaire; RMDQ, Roland toMorris Disability Questionnaire; RVU, relative
value unit; VAS, visual analog scale.
a Stratified first on site, and then performed logistic regression for propensity
scores. See Table 1 footnotes for a list of characteristics included in themodel.
See theMethods section for definitions of pain and quality-of-life measures.
b TheMRI/CT group could have received same day or subsequent radiograph in
days 0 to 42 (n = 37). Controls could not have received a radiograph in
days 0 to 42.
c TheMcNemar or paired t tests were used to obtain P values
dRaw difference betweenmeans calculated only for continuous variables.
e Defined as spine imaging at the health care site in 365 days before the index
visit.
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category, baseline back pain duration, and RVUs in the 12
months before the index visit. We used Bonferroni-corrected
significance thresholds (2-sidedαof .05/3 = .017) for someex-
ploratorycomparisons (overallRVUs, spine-specificRVUs, and
back pain intensity) for each 12-month analysis.
Given the sample sizes in the early radiograph (n = 1174)
and early MRI/CT (n = 349) groups, the study had more than
90% power to detect small between-group differences in
Roland-Morris Disability Questionnaire score (radiograph,
1-point difference; MRI/CT, 2-point difference), overall RVUs
(radiograph, 18-RVU difference; MRI/CT, 11-RVU difference),
and spine-specific RVUs (radiograph, 60-RVU difference;
MRI/CT,45-RVUdifference). Powercalculationswereposthoc.
We performed all analyses using SAS statistical software
version 9.3 (SAS Institute Inc).
Results
Of the 5239 participants, we excluded 84 patients for whom
EHR data were not available, 228 patients who withdrew be-
fore completing 1 year of follow-up, 34 who had a cancer
Table 3. Three-, 6-, and 12-Month Outcomes of Early Radiograph vsMatched Controla
Radiograph Radiograph vs None Mixed Model
Matched Control
(n = 1174)
Early Imaging
(n = 1174)
Raw Difference Between Means
(95% CI)
Standardized
Difference, %
Estimate
(95% CI)b P Value
RMDQ, Mean (SD), mo
3 9.54 (6.64) 9.54 (6.41) 0.062 (−0.50 to 0.63) −0.08 −0.02 (−0.46 to 0.42) .93
6 9.06 (6.88) 8.92 (6.57) −0.012 (−0.62 to 0.60) −2.05 −0.10 (−0.55 to 0.35) .66
12 8.74 (6.95) 8.54 (6.56) −0.10 (−0.71 to 0.50) −3.00 −0.21 (−0.66 to 0.34) .36
BPI Interference, Mean (SD), mo
3 2.99 (2.50) 2.99 (2.37) 0.025 (−0.19 to 0.24) −0.32 −0.007 (−0.18 to 0.16) .94
6 2.87 (2.52) 2.73 (2.35) −0.092 (3.29 to 3.61) −5.75 −0.12 (−0.29 to 0.05) .17
12 2.83 (2.53) 2.72 (2.42) −0.071 (−0.29 to 0.15) −4.33 −0.11 (−0.28 to 0.06) .21
EuroQol 5D Index, Mean (SD), mo
3 0.76 (0.18) 0.76 (0.17) −0.0022 (−0.018 to 0.013) 0.70 0.001 (−0.011 to 0.014) .86
6 0.76 (0.18) 0.77 (0.17) 0.0016 (−0.014 to 0.018) 1.62 0.001 (−0.012 to 0.013) .88
12 0.77 (0.18) 0.78 (0.17) 0.0048 (−0.011 to 0.021) 3.97 0.007 (−0.005 to 0.02) .26
EuroQol 5D VAS, Mean (SD), mo
3 71.9 (19.2) 72.3 (18.1) 0.39 (−1.25 to 2.02) 1.84 0.34 (−1.04 to 1.72) .62
6 73.1 (18.1) 72.5 (18.3) −0.96 (−2.64 to 0.72) −3.60 −0.71 (−2.12 to 0.70) .32
12 72.7 (18.8) 73.2 (18.6) 0.29 (−1.42 to 2.01) 2.60 0.46 (−0.94 to 1.86) .52
PHQ-4
3 mo
Mean 1.84 1.80 −0.0021 (−0.23 to 0.22) −1.45 −0.04 (−0.23 to 0.15) .67
Median (range) 1.0 (0 to 12) 1.0 (0 to 12)
6 mo
Mean 1.82 1.77 −0.0090 (−0.25 to 0.23) −1.79 −0.06 (−0.25 to 0.14) .58
Median (range) 0 (0 to 12) 1.0 (0 to 12)
12 mo
Mean 1.85 1.80 −0.062 (−0.29 to 0.17) −2.07 −0.07 (−0.26 to 0.13) .50
Median (range) 1.0 (0 to 12) 0 (0 to 12)
Back Pain NRS, Mean (SD), mo
3 3.87 (2.73) 3.83 (2.60) 0.0010 (−0.23 to 0.23) −1.65 −0.05 (−0.24 to 0.14) .61
6 3.78 (2.73) 3.62 (2.61) −0.097 (−0.34 to 0.15) −6.03 −0.14 (−0.33 to 0.05) .15
12 3.71 (2.73) 3.55 (2.62) −0.12 (−0.36 to 0.12) −5.77 −0.14 (−0.34 to 0.05) .14
Leg Pain NRS, Mean (SD), mo
3 3.23 (2.95) 2.96 (2.88) −0.30 (−0.56 to −0.042) −9.43 −0.31 (−0.52 to −0.09) .006
6 3.12 (2.90) 2.82(2.78) −0.25 (−0.52 to 0.013) −10.7 −0.30 (−0.52 to −0.08) .009
12 3.06 (2.93) 2.83 (2.77) −0.23 (−0.48 to 0.024) −8.34 −0.26 (−0.48 to −0.04) .021
Abbreviations: BPI, Brief Pain Inventory Interference; EuroQol, health status
measure; NRS, numerical rating scale; PHQ-4, Patient Health Questionnaire;
RMDQ, Roland-Morris Disability Questionnaire; RVU, relative value unit;
VAS, EuroQuol Group visual analog scale.
a See theMethods section for definitions of pain and quality-of-life measures
bAdjusted for sex, age, diagnosis (axial back pain only, back and leg, spinal
stenosis or other), back pain duration and total RVUs in the year prior to the
index visit.
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diagnosis in the year prior to the index visit, 34 who died, 5
who had lumbar spine surgery in the year prior to the index
visit, and 1 patientwhohad a bone scan andno other imaging
within 6 weeks after the index visit (Figure). Of the 1264 pa-
tients (26%) who received early radiographs, 1174 were
matched, and of the 366 patients (7.5%) who received early
MRI/CT, 349werematched.Thebaseline characteristics of the
propensity-matched participants who underwent early diag-
nostics did not differ statistically or clinically from thosewho
did not (Table 1 and Table 2).
Table 3 summarizes the 3-, 6-, and 12-month patient-
reportedoutcomemeasures. Twelve-monthcumulativeRVUs
in theearly radiographandtheirmatchedcontrolsareavailable
in eTable 3 in the Supplement. Table 4 and eTable 4 in the
Supplement show analogous data for the earlyMRI/CT group
andtheirmatchedcontrols.Follow-upratesofpatient-reported
outcomemeasures ranged from88%to91%across groups and
timepoints.Therewasneitherastatisticallysignificantnorclini-
callymeaningfuldifferenceintheprimaryoutcome,theRoland-
MorrisDisabilityQuestionnaire,betweentheearlyandnotearly
imaging groups at any timepoint (eg, 3-month no early radio-
graphvsearly radiograph,mixed-modeldifference−0.02 [95%
CI, −0.46 to0.42]). Patient-reportedoutcomeswerenotdiffer-
entbetweenthegroupsexceptfor legpainnumerical ratingscale
scores. Patients receivingearly radiographyhad lowernumeri-
cal scores atmonths 3 (meandifference, 0.31), 6 (meandiffer-
Table 4. Three-, 6-, and 12-MonthMagnetic Resonance Imaging or Computed Tomographic Outcomes vsMatched Controla
MRI/CT MRI/CT vs None Mixed Model
Matched Control
(n = 349)
Early Imaging
(n = 349)
Raw Difference Between Means
(95% CI)
Standardized
Difference, %
Estimate
(95% CI)b P Value
RMDQ, Mean (SD), mo
3 11.5 (6.82) 11.6 (6.51) −0.23 (−1.25 to 0.80) 0.40 0.12 (−0.65 to 0.89) .76
6 11.2 (7.13) 10.5 (6.66) −0.83 (−1.91 to 0.25) −9.81 −0.57 (−1.35 to 0.21) .15
12 10.5 (7.20) 9.81 (6.99) −0.51 (−1.62 to 0.60) −9.68 −0.53 (−1.30 to 0.24) .18
BPI, Mean (SD), mo
3 3.70 (2.57) 3.68 (2.58) −0.13 (−0.54 to 0.27) −0.57 −0.01 (−0.34 to 0.31) .93
6 3.69 (2.72) 3.39 (2.67) −0.34 (−0.78 to 0.10) −11.1 −0.26 (−0.59 to 0.06) .11
12 3.46 (2.66) 3.36 (2.66) −0.085 (−0.50 to 0.33) −3.78 −0.07 (−0.40 to 0.25) .67
EuroQuol 5D Index, Mean (SD), mo
3 0.71 (0.20) 0.72 (0.19) 0.012 (−0.019 to 0.043) 5.15 0.007 (−0.02 to 0.03) .58
6 0.71 (0.21) 0.72 (0.19) 0.014 (−0.019 to 0.046) 5.15 0.005 (−0.02 to 0.03) .69
12 0.72 (0.20) 0.74 (0.19) −0.020 (−0.011 to 0.051) 10.3 0.01 (−0.01 to 0.04) .28
EuroQual 5D VAS, Mean (SD), mo
3 67.6 (20.4) 69.1 (19.5) 1.81 (−1.44 to 5.07) 7.82 1.17 (−1.47 to 3.81) .38
6 69.0 (17.8) 70.1 (19.4) 1.17 (−2.05 to 4.39) 5.66 0.77 (−1.90 to 3.43) .57
12 67.3 (19.4) 71.6 (19.3) 4.04 (0.92 to 7.15) 22.3 3.88 (1.21 to 6.54) .004
PHQ-4
3 mo
Mean 2.37 2.31 −0.15 (−0.65 to 0.35) −1.92 −0.05 (−0.45 to 0.34) .79
Median (range) 1 (0 to 12) 1 (0 to 12)
6 mo
Mean 2.32 2.19 −0.17 (−0.66 to 0.32) −4.36 −0.09 (−0.49 to 0.30) .64
Median (range) 1 (0 to 12) 1 (0 to 12)
12 mo
Mean 2.31 2.12 −0.21 (−0.65 to 0.23) −6.68 −0.16 (−0.55 to 0.24) .44
Median (range) 1 (0 to 12) 1 (0 to 12)
Back Pain NRS, Mean (SD), mo
3 4.52 (2.84) 4.24 (2.78) −0.37 (−0.82 to 0.075) −9.99 −0.27 (−0.62 to 0.09) .14
6 4.50 (2.83) 4.11 (2.82) −0.39 (−0.84 to 0.060) −13.8 −0.33 (−0.69 to 0.03) .07
12 4.22 (2.83) 4.01 (2.76) −0.11 (−0.56 to 0.34) −7.59 −0.13 (−0.49 to 0.22) .47
Leg Pain NRS, Mean (SD), mo
3 4.12 (3.07) 3.77 (2.96) −0.47 (−0.94 to 0.0086) −11.4 −0.34 (−0.75 to 0.07) .10
6 4.18 (3.08) 3.58 (3.05) −0.58 (1.07 to −0.089) −19.4 −0.56 (−0.97 to −0.14) .008
12 4.00 (3.04) 3.77 (3.06) −0.20 (−0.69 to 0.28) −7.74 −0.19 (−0.60 to 0.22) .36
Abbreviations: BPI, Brief Pain Inventory Interference; EuroQol, health status
measure; NRS, numerical rating scale; PHQ-4, 4-item Patient Health
Questionnaire; RMDQ, Roland-Morris Disability Questionnaire; RVU, relative
value unit; VAS, visual analog scale.
a See theMethods section for definitions of pain and quality-of-life measures.
bAdjusted for sex, age, diagnosis (nonspecific, back and leg, or other), back pain
duration, and total RVUs in the year prior to the index visit.
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ence,0.30), and 12 (meandifference,0.26) for legpain thandid
thosewhodidnot receiveearly imaging.Althoughstatistically
significant, thesedifferenceswere clinicallyunimportant. The
12-month differences between early radiograph patients and
controls for other secondary outcomes were extremely small
and not statistically significant: −0.071 (95%CI, −0.29 to 0.15)
forBPI;0.29(95%CI,−1.42to2.01) for theEuroQol5Dvisualana-
log scale; and−0.062 (95%CI,−0.29 to0.17) forPHQ-4.Patients
with earlyMRI/CT vs controls had statistically significant but
not clinicallymeaningful differences on 2measures: the early
MRI/CTgrouphadlower6-monthlegpainnumerical ratingscale
scores (difference, −0.58 [95%CI, −1.07 to−0.089]) andhigher
12-monthEuroQol5D-visualanalogscalescores(difference,4.04
[95% CI, 0.92 to 7.15]).
In contrast, there were marked differences in 1-year re-
sourceuseandcosts.MeantotalRVUswereapproximately40%
higher (P < .001) in the early radiograph and 50% higher
(P = .01) in theearlyMRI/CTgroup than in thenoearly imaging
orno imaginggroups, andoverall costswere27%(P < .001) and
30% (P < .04) higher, respectively. Estimated monetary dif-
ferences in 1-year total payments (payer andpatient contribu-
tions) were $1380 higher (95%CI, $692 to $2060), for patients
with early radiographs and $1430 higher (95% CI, $36.8 to
$2820) for patientswith earlyMRI/CTs (eTable 3 and eTable 4
in the Supplement). Early imaging cohorts incurred signifi-
cantly greater mean RVUs, overall expenditures, and spine-
related expenditures in most utilization categories. Spine-
related, CPT-based expenditures as a percentage of overall
expenditures were 17% in the early radiograph vs 7% for the
noearly orno radiographgroup, and29%for the earlyMRI/CT
vs 11% for the no early or no MRI/CT group.
We did not observe differences in proportions of patients
with cancer diagnoses in thenext year amongpatients receiv-
ing early imaging vs controls (Table 5). Among patients who
underwent early imaging, only 1 of 1630 (0.06%) had cancer
(lymphoma) diagnosed on the early imaging study (lymph-
adenopathy seen on MRI). In contrast, patients who under-
went imaging diagnostics early had more fractures detected
(2% in the early radiograph group vs 0.6% in the no early or
no radiograph group; 0.9% in the early MRI/CT group vs 0%
in the no early or no MRI/CT group).
Discussion
Our study demonstrates that older adults who had spine
imaging within 6 weeks of a new primary care visit for back
pain had pain and disability over the following year that was
notdifferent frommatchedpatientswhodidnotundergoearly
imaging. Patients receiving early imaging had small, clini-
cally unimportant improvement in leg pain intensity and
EuroQol 5D scores.Wehadhypothesized that patients under-
going early imagingwould haveworse outcomes, due to inci-
dental findings leading to unnecessary and potentially harm-
ful interventions.Thiswasnot thecase.However,patientswho
had early imaging had substantially higher resource use and
reimbursementexpenditures thandidmatchedcontrols, as re-
flectedbygreaterRVUs, overall costs, andspine-specific costs.
Overall, spine-specific, spine injection,andspine imagingRVUs
andassociatedpayer andpatient expenditureswereall greater
in the early imaging groups than in the no early or no imaging
groups.
Approximately 90% of older adults have incidental find-
ings on spine imaging.11 These findings can lead to adverse
labeling as well as unnecessary interventions with associ-
ated morbidity.39 Most guidelines exclude older patients
from imaging restrictions. Prior studies suggested an
association between early imaging and subsequent
interventions13,40 and our results are concordant with a
recent study of injured workers.41
Despite the lack of evidence supporting routine imaging
for older adults with back pain, guidelines commonly recom-
mendthatolderpatientswithbackpainundergo imaging.Chou
and colleagues1,42 recommended considering plain radiogra-
phy for patients older than 50 years. The American College of
Radiology’s guidelines state that early imaging with MRI is
appropriate for patients older than 70 years and may be ap-
propriate for patients older than 50yearswith osteoporosis.32
The European guidelines for nonspecific low back pain clas-
sify patients older than 55 years as being in the red flag cat-
egory for justifying imaging.43Our study results support anal-
ternative position that regardless of age, early imaging should
not be performed routinely.
Table 5. Subsequent Serious Diagnoses in Early Imaging GroupsMatched Controls
Diagnosis
Imaging, No. (%) [95% CI]
P ValueaMatched Contol Early Imaging
Matched Control vs Early Radiography (n = 1174 per group)
Cancer diagnosis 26 (2.2) [1.5 to 3.2] 20 (1.7) [1.1 to 2.6] .37
Inflammatory spondyloarthropathies 2 (0.2) [0.05 to 0.6] 6 (0.5) [0.2 to 1.1] .16
Fractures of spine 7 (0.6) [0.3 to 1.2] 23 (2.0) [1.3 to 2.9] .004
Osteomyelitis, No. 0 0
Matched Control vs Early MRI/CT (n = 349 per group)
Cancer diagnosis 7 (2.0) [0.1 to 4.1] 7 (2.0) [0.1 to 4.1] .99
Inflammatory spondyloarthropathies 1 (0.3) [0.01 to 1.6] 4 (1.2) [0.5 to 2.9] .18
Fractures of spine 0 3 (0.9) [0.3 to 2.5]
Osteomyelitis, No. 0 0
Abbreviations: CT, computed
tomography; MRI, magnetic
resonance imaging.
a McNemar test used to obtain
P values.
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Because the rationale for undergoing early imaging is to
avoidmissing infrequent but seriousdiagnoses (cancer, infec-
tion, etc),weexamined theproportion in eachgroup that sub-
sequently received thesediagnoses over the ensuing year.We
found that the proportion of cancer diagnoseswas similar for
both groups. Our data suggest that absence of early imaging
is not associatedwith a higher incidence ofmissed cancer di-
agnoses. Only 1 case of cancer (lymphoma) was detected by
early imaging, and thiswasnot located in the spine but rather
in adjacent adenopathy.
Our study has limitations. First, there is the potential for
confounding by indication; ie, patients receiving early
imaging had worse prognoses than patients not getting early
imaging. We tried to minimize confounding through pro-
pensity matching. However, residual confounding of
unmeasured attributes could exist. Confounding by health
care site could also exist, since patient characteristics varied
by site,15 as did patterns of care. Therefore, we adjusted for
site in each analysis. Second, our data on pain duration is
limited by the overlap of the pain duration categories.
Third, our baseline measures were administered up to 3
weeks after the index visit and thus could reflect responses
to therapy since the index visit. We assumed that all index-
day procedures were related to the patient’s back pain, but
patients’ index visits may have been for multiple problems,
thus leading us to overattribute index-day procedures to
back pain. Fourth, patients who are more likely to ask for
early imaging might also be more likely to use resources
subsequently. We attempted to control for this phenom-
enon by propensity matching for prior year RVUs and also
controlled for prior year RVUs in our data analyses. Fifth, we
assessed CPT-based and medication use but were not able
to capture out-of-system use or indirect costs.
Conclusions
Among older adults with a new primary care visit for back
pain, early imaging was not associated with better 1-year
outcomes.
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